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There is extensive cross-talk between ISRE-and GASBethesda, Maryland 20205 mediated transcription, since ICSBP and IRF-1 are acti-4 Institute of Experimental Immunology vated by IFN␥, while Stat1 is activated by type I IFN in University of Zü rich some cells (Kanno et al., 1993; Pine et al., 1994 (Nelson et al., 1993 (Nelson et al., , 1996 . Furthermore, ICSBP has been shown to complex with IRF-1 and IRF-2 as well as with Pu.1, Summary a member of the Ets family of transcription factors selectively expressed in hematolymphoid cells (Bovolenta et Interferon consensus sequence binding protein Eisenbeis et al., 1995) . In addition to the regula-(ICSBP) is a transcription factor of the interferon (IFN) tion of IFN-responsive genes, IRF-1 and IRF-2 have been regulatory factor (IRF) family. Mice with a null mutation shown to have antioncogenic/oncogenic properties of ICSBP exhibit two prominent phenotypes related to (Harada et al., 1993) . Surprisingly, however IRF-1 Ϫ/Ϫ and previously described activities of the IRF family. The IRF-2 Ϫ/Ϫ mice do not exhibit gross pathological changes, first is enhanced susceptibility to virus infections assoalthough a thymocyte developmental defect was noted ciated with impaired production of IFN␥. The second in IRF-1 Ϫ/Ϫ mice, and IRF-2-deficient animals exhibited is deregulated hematopoiesis in both ICSBP Ϫ/Ϫ and abnormalities of bone marrow hemopoiesis and B cell ICSBP ؉/Ϫ mice that manifests as a syndrome similar development (Matsuyama et al., 1993) . to human chronic myelogenous leukemia. The chronic
To investigate the role of ICSBP in vivo, we generated period of the disease progresses to a fatal blast crisis mice with a germline mutation of the ICSBP gene. Here, characterized by a clonal expansion of undifferentiwe report that ICSBP-deficient mice have altered antiviated cells. Normal mice injected with cells from mice ral responses and develop spontaneous disease synin blast crisis developed acute leukemia within 6 dromes with similarities to human chronic myelogenous weeks of transfer. These results suggest a novel role leukemia (CML). The results suggest that ICSBP, in addifor ICSBP in regulating the proliferation and differentition to its role in control of IFN responses, is indispensation of hematopoietic progenitor cells.
able for the regulation of hemato-and lymphopoiesis.
Introduction Results

Interferon consensus sequence binding protein (ICSBP)
Generation of ICSBP-Mutant Mice is a transcription factor belonging to the interferon (IFN)
The ICSBP gene was mutated by the targeted insertion of a neomycin-resistance gene (PGK-neo) into the second exon (Figure 1 ), which encompasses the major part spleens were tested for ISRE-binding activity using 32 P-labeled ISG15 probe (Bovolenta et al., 1994) . Extracts were incubated with preimmune rabbit serum (lanes 1 and 2), anti-ICSBP antibody (lanes 3 and 4), anti-IRF-2 antibody (lanes 5 and 6), and anti-ISGF3␥ antibody (lanes 7 and 8) for 15 min prior to the addition of the probe. As a control, the same extracts were analyzed with a NFB probe (Kanno et al., 1993 ; lanes 9 and 10). (B) Immunoblot analysis was performed for IRF-2 with 30 g of nuclear extracts, using rabbit anti-IRF-2 antibody as described (Nelson et al., 1996) . Nuclear extracts from pre-B cells (70Z-3) and in vitro translated IRF-2 were used as positive controls (right).
Northern blot analysis of poly(A)
ϩ RNA isolated from spleens of ICSBP Ϫ/Ϫ mice revealed a single ICSBP mRNA species slightly shorter than that from ICSBP ϩ/ϩ mice ( Figure 1 ). The sequence analysis of corresponding ICSBP Ϫ/Ϫ spleen were similar to those found in control (C) Northern blot analysis shows splenic RNA (20 g) hybridized with labeled ICSBP, IRF-1, and IRF-2 cDNA probes (Kanno et al., mice ( Figure 1D ). To examine whether ISRE-binding activity was altered polyacrylamide gel electrophoresis, and immunoblot analysis was in ICSBP Ϫ/Ϫ mice, we performed electrophoretic mobility performed using rabbit anti-ICSBP antibody (Bovolenta et al., 1994) . Baculovirus recombinant ICSBP (10 ng) was used as a control.
shift assay analysis with nuclear extracts from spleen.
Levels of GAPDH (lower panel) in whole cell extracts were monitored
There were five bands in control extracts, of which the to ensure equal protein loading (Nelson et al., 1996) . As expected, two upper bands were missing in extracts from the occurs as a complex with IRF-2 (Nelson et al., 1996) , which is represented by the uppermost band that was supershifted by anti-ICSBP antibody (lane 3 Our data suggest that IRF-2 protein expression is rein mice lacking ICSBP. The ability of T cells or NK cells to produce IFN␥ duced in ICSBP Ϫ/Ϫ spleen ( Figure 2B ), the basis of which is currently under study. The fact that a considerable was examined following stimulation of spleen cells with ConA or lipopolysaccharide (LPS; Figure 3B ). IFN␥ proamount of IRF-2 mRNA was detected in ICSBP Ϫ/Ϫ spleen suggests a defect in posttranscriptional/translational duction in response to ConA was reduced more than 3-fold in ICSBP Ϫ/Ϫ mice 1-5 months of age, while IFN␥ modifications of IRF-2. It has been shown previously that enhanced C-terminal cleavage of IRF-2 occurs in production in response to LPS was reduced more than 100-fold compared with ICSBP ϩ/ϩ mice; indeed, revirus-infected cells (Palombella and Maniatis, 1992) .
sponses were below the limits of detection in 9 of 12
RT-PCR analyses of constitutive IFN␥ Expression of IFN-Regulated Genes
Since IFN␣ and IFN␤ genes carry the ISRE in their protranscripts showed them to be reduced about 3-fold in spleens of ICSBP Ϫ/Ϫ as compared with wild-type animals moters and their expression is regulated by the IRF family proteins, we performed reverse transcriptase-( Figure 3C ). For ICSBP Ϫ/Ϫ mice, the levels of IFN␥ protein induced by ConA and the steady-state levels of tranpolymerase chain reaction (RT-PCR) analysis for expression of these genes in spleen, lymph nodes, and scripts for IFN␥ are in keeping with the reduced relative frequencies of T cells in spleen and suggest that IFN␥ bone marrow. Constitutive IFN␣ and IFN␤ mRNA levels were not grossly altered in ICSBP Ϫ/Ϫ tissues (data not expression by T cells is normal. Expression of IFN␥ following activation of spleen cells shown). Furthermore, although ICSBP is known to affect activity of MHC class I and ␤2-microglobulin promoters with LPS is induced by IL-12 produced primarily by macrophages and monocytes and, to a lesser extent, B cells (Nelson et al., 1993) , no significant alterations were detected in their mRNA levels or the surface expression and neutrophils. The possibility that decreased IFN␥ expression in ICSBP Ϫ/Ϫ mice following LPS stimulation of MHC class I on ICSBP Ϫ/Ϫ lymphoid cells (data not shown).
could be due to altered regulation by IL-12 was suggested by the observation that transcripts for the p40 In addition, we observed that spleen cells from ICSBP Ϫ/Ϫ mice respond to both IFN␣ and IFN␥ in vitro chain of this cytokine were markedly reduced in spleens of mutant mice, while expression of IL-12 p35 transcripts by activating ISGF3␥ and Stat1, indicating that the pathways for JAK/Stat and JAK/ISGF3␥ are not abrogated was normal ( Figure 3B ). The deficiency in IL-12 p40 expression is quite striking considering the increased in ICSBP Ϫ/Ϫ spleen cells (data not shown). frequencies of macrophages and monocytes in spleens of mutant mice.
Immune System and Cytokine Expression of ICSBP
Ϫ/Ϫ Mice To determine whether hematopoietic development is Antiviral Immune Responses affected by the absence of ICSBP, we compared spleen, Immune responses of ICSBP Ϫ/Ϫ mice to three different bone marrow, lymph node, and thymus cells for expresviruses were analyzed. ICSBP Ϫ/Ϫ mice survived and were sion of cell lineage markers by flow cytometric analyses able to produce normal neutralizing antibody titers to ( Figure 3 ). vesicular stomatitis virus (VSV), suggesting that the B The most striking finding was markedly increased freand T helper cell compartment as well as the IFN type quencies of granulocytes (GR-1 ϩ /Mac-1 ϩ ) and, to a I system were normal in these mice (data not shown). lesser extent, macrophages (GR-1 Ϫ /Mac-1 ϩ ) in spleen, However, when ICSBP Ϫ/Ϫ mice were infected with vaclymph node, and bone marrow ( Figure 3A ). Markedly cinia virus (VV) or lymphocytic choriomeningitis virus increased frequencies of granulocytes were also de-(LCMV) at a dose that was well controlled by normal tected in peripheral blood (see below). The frequencies littermates, 80% of VV-infected and 100% of the mice of granulocytes in spleen and nodes of homozygous infected with the slowly and restrictedly replicating deficient mice were found to increase with age.
LCMV strain Armstrong died within 10-20 days (Figures Although the relative frequencies of B cells and T cell 4C and 4G). Analysis of cytotoxic T lymphocyte (CTL) subsets were decreased in spleen ( Figure 3A) , the total numbers of lymphocyte subsets were either normal responses after VSV ( Figure 4A , secondary restimulation with wild-type littermates, they developed with a 100% penetrance signs of a hematologic neoplasia with a rerevealed a 3-to 10-fold reduction of CTL activity. These data suggested an enhanced virus replication in the semblance to CML in humans. Macroscopically, the most prominent alteration was a systemic lymphadeearly phase, which then could not be controlled by the later developing specific CTL responses. To test this, nopathy and hepatosplenomegaly. The enlarged lymph nodes were colonized by neutrophilic granulocytes (Figwe infected ICSBP Ϫ/Ϫ mice with 200 pfu of the rapidly and widely replicating LCMV strain WE. While infection ure 5A), predominantly mature neutrophils intermingled with juvenile and myelocytic forms. Paracortical and into the footpad was well controlled by the virtually normal CTL responses ( Figure 4D ), intravenous infection medullary plasma cell hyperplasia, at least temporarily, also contributes to lymph node enlargement. Pseudocaused death of about 40% of the animals ( Figure 4G) ; this was most likely due to immunopathology, as docuGaucher cells phagocytosing granulocytic and other hematopoietic cells were abundant ( Figure 5B ). The mented by CD8 ϩ T cell-mediated hepatitis ( Figure 4H ; Zinkernagel et al., 1986) . The other 60% survived owing plasma cells were chiefly of the IgG isotype and displayed cytomorphological anomalities usually encounto exhaustion of the specific CTL response (Moskophidis et al., 1993) and uninhibited growth of LCMV-WE. tered in plasmacytomas ( Figure 5C ). The progressive expansion of myeloid, histiocytic, and B-lymphoid cells This was shown by markedly reduced primary and absence of secondary CTL responses ( Figures 4E and 4F) leads finally to complete effacement of lymph node architecture. and persisting virus in liver (1 ϫ 10 5 pfu), spleen (7 ϫ 10 6 pfu), and kidney (8 ϫ 10 5 pfu) 40 days after infection. In mice, in contrast to humans, the spleen is a hematopoietic as well as a lymphoid organ. In ICSBP Ϫ/Ϫ mice, a progressive expansion of the red pulp was seen with CML-like Disease Although young ICSBP Ϫ/Ϫ mice showed no difference in increasing age comprising the same cell types observed in the lymph nodes of the mutant mice. In addition, size, behavior, and reproductive ability as compared erythropoiesis was greatly increased, and there was a was invaded by myeloid cells. Involvement of liver charmarked proliferation of abnormal megakaryocytes.
acterized by extensive periportal and sinusoidal invaMyeloproliferative alterations of bone marrow and sion by mature and immature granulocytes and pseudolymphoid tissues precede changes in the composition Gaucher cells, similar to leukemic liver infiltration in of blood leukocytes for a long time. Only when the spleen humans, is an invariant characteristic of ICSBP-defihas tripled its normal size can a significant shift towards cient animals, as is the granulocytic and plasma cell the granulocytic lineage be recorded. Examination of infiltration of myocardium, lungs, and kidneys. A moderblood films of ICSBP Ϫ/Ϫ mutants with fully developed ate numerical increase of hypertrophic mast cells is seen myeloproliferative disease, which is associated with in the loose connective tissue. In the small intestine there moderately elevated leukocyte numbers, revealed leftis a striking hyperplasia of lymphocytes and plasma cells shifted neutrophilia (Table 1) . Morphologically, the white in Peyer's patches and the lamina propria. In summary, blood cells at this disease stage appeared mostly northe hematologic alterations in ICSBP Ϫ/Ϫ mice are mainly mal ( Figure 5D ).
characterized by hyperproliferation of abnormal myThe bone marrow of ICSBP Ϫ/Ϫ mice exhibited a eloid, histiocytic, and lymphocytic cells, which in some marked hypercellularity due to an increase of mature aspects simulates the chronic phase of CML in humans. granulocytes and their precursors (Table 1; Figure 5E ) Similar hematopathologic alterations, although in a intermingled with numerous pseudo-Gaucher cells. The quantitatively reduced form, were observed also in frequencies of lymphocytes and plasma cells were re-ICSBP ϩ/Ϫ mice (data not shown). duced. The erythroid compartment was greatly decreased, and megakaryocytes were atypical and with Fatal Blastic Leukemia advanced disease reduced numerically. Evolution of fiTransition of the chronic form to fatal blast crisis is a brosis was not observed, but, consistently, the connective tissue of the periosteum and adjoining musculature characteristic feature of human CML. Approximately 33% of ICSBP Ϫ/Ϫ and 9% of ICSBP ϩ/Ϫ mice became Macroscopically, the changed course of disease process is characterized by striking lymphadenopathy and moribund by 50 weeks of age ( Figure 6A ); all moribund mice had features indicating a transition to a blast crisis.
hepatosplenomegaly (spleen weight 500-2000 mg) and additionally by a marked enlargement, distortion, and neutrophils, 4.5% erythroid cells, 4.1% lymphoid cells, 0.9% eosinophils, and 1.6% Gaucher-like cells or seagreenish-white hue of all abdominal organs, including the intestinal and urogenital tracts. On microscopic inblue histiocytes. spection, the organ lesions are characterized by a diffuse uniform infiltrate of medium-sized or blast cells (see
Transplanted Leukemias
To test the leukemogenicity of cells from both chronic Figure 5F ) focally intermingled with some myeloid and histiocytic cells of different maturational stages and, in stage and blast crisis, 1 ϫ 10 6 cells were injected intravenously into nonirradiated ICSBP ϩ/ϩ mice. As shown in the case of lymph node tumors, with residual lymphocytes. Sometimes eosinophils are interspersed among Table 2 , 15 of 16 mice injected with cells from two mice in blast crisis developed progressively growing leukemias the blast cells. Although the blast cells with their round or, less frequently, irregular nuclei and scanty cytoplasm within 6-11 weeks of transplantation. By contrast, only 1 of 62 mice injected with cells from 10 mice in the mimic lymphoblastic or mixed cell lymphomas, their staining for myeloperoxidase ( Figure 5G ), chloroacetate chronic phase of disease developed a leukemia of donor origin. esterase, lysozyme, and immunoglobulins revealed that most of them belong to the granulocytic lineage; but
The transplanted cells developed in the hematopoietic, lymphoid, and parenchymal organs of their hosts areas of histiocytic and lymphocytic differentiation are also present. These findings in the nonhematopoietic into the same kind of leukemia and widespread granulocytic sarcomas with mixed differentiation as in the tissues are equivalent to what in human blast cell crisis is designated as granulocytic sarcoma or chloroma. He-ICSBP Ϫ/Ϫ donors with blast crisis. Accordingly, in all diseased recipient animals with granulocytic sarcomas, matologically, this stage of the disease is characterized by leukocyte counts of over 100,000 per l with a blast Pappenheim-stained bone marrow smears consisted exclusively of 50% small atypical lymphoid cells and prevalence of about 10% and a prevalence of atypical neutrophils of about 14%, while lymphoid cells ac-50% small to medium-sized blasts, a portion of which exhibited some myeloid differentiation (azurophilic counted for about 76% ( Figure 5H ). Immunostaining of blood films revealed that only half of the blasts were granules). In the periphery, the leukemic blood (greater than 100,000 leukocytes per l) contained 12.1% blast Mac-1 ϩ , indicating a bi-or tri-phenotypic nature of the blast transformation. Expansion of both granulocytic cells, atypical promyelocytes, and myelocytes, 7.6% atypical neutrophils, and 79.8% lymphoid cells. Expresand B-lymphoid cells has also been documented by fluorescence-activated cell sorter (FACS) analyses (Fig- sion of leukocyte markers was in a representative case 49% Ia ϩ (B cells), 31% Mac-1 ϩ (myeloid and monocytic ure 6B). Histologically, the bone marrow is populated by a relatively uniform mass of blasts and immature cells), and 11% Thy-1 ϩ (T cells). Southern blot analyses of immunoglobulin heavy myeloid cells eroding the bone and invading and replacing the adjoining musculature. A typical myelogram conchain gene J H organization showed the transplanted cells to be clonal ( Figure 6C) . Furthermore, the origin of sists of 30.4% greatly abnormal myeloblasts, promyelocytes, myelocytes, and metamyelocytes, 58.5% atypical leukemic clones from donor mice was confirmed by Nonirradiated ICSBP ϩ/ϩ mice were injected i.v. with 10 6 cells from lymphoid organs of ICSBP Ϫ/Ϫ mice. Mice were scored for the development of leukemia by blood smears. Abbreviations: sp, spleen; bm, bone marrow; ln, lymph nodes. a The same mouse was used as a donor.
PCR analyses revealing the presence of 547 bp band members of the IRF family may be critical determinants of IL-12 expression and thus may influence production diagnostic of ICSBP Ϫ/Ϫ cells ( Figure 6D ). of IFN␥ as well as the balance of CD4 ϩ T helper 1 to T The possibility that ecotropic retroviral insertional muhelper 2 function in immune responses to a variety of tagenesis might be involved in the genesis of the leukepathogens (Trinchieri, 1995) . mias is ruled out by two observations. First, mice with
Induction of IFN␥ appears critical for resolving these the ICSBP mutation bred onto the 129 genetic backinfections, and ICSBP Ϫ/Ϫ mice are deficient in production ground, which lacks endogenous ecotropic virus, deof this cytokine following stimulation of T cells by crossvelop changes like those seen on the (129 ϫ C57BL/6) linking of the T cell receptor (TCR) or B cells and macromixed genetic background. Second, neither germline phages with LPS. The way in which ICSBP regulates nor acquired clonal ecotropic proviral integrations were expression of the IFN␥ gene is not known, but direct detected by Southern blot analyses of the DNAs from effects on gene transcription are unlikely, since an ISRE leukemia transplants found to have clonal JH reor a similar element has not been identified in the regulaarrangements (data not shown).
tory regions of the gene. The role of ICSBP in IFN␥ regulation is more likely indirect and could reflect the Discussion influences of ICSBP on IL-12 or other elements of the cytokine network, which may be perturbed in ICSBP
The above results reveal two main features of ICSBPmice. deficient mice. They are more susceptible to certain A further indication of an impaired immune system is virus infections, and they develop a myelolymphoprolia high susceptibility of ICSBP Ϫ/Ϫ mice kept in a convenferative disease with similarities to human CML. These tional facility to opportunistic infections, which frefindings suggest that ICSBP plays two distinct roles: quently manifest as chronic purulent skin ulcerations first, as a prominent regulator of antiviral immune reand pseudotumorous botryomycosis (data not shown). sponses, and second, as a critical growth determinant of hematopoietic cells.
The Role of ICSBP in Early Hematolymphoid Progenitors Immunodeficiency
A central conclusion to be drawn from these studies is The humoral arm of the antiviral response to VSV was that ICSBP-deficient mice exhibit enhanced proliferafound to be intact, indicating relatively normal T helper tion of myeloid, monocytic, lymphoid, and perhaps megcell-B cell interactions. Dramatically enhanced viral repakaryocytic lineages, suggesting that the decisive alterlication in the early phase of infection, probably due to an ation occurs in an early common progenitor cell. Effects IFN␥-dependent defect in innate immunity, overhelmed of the ICSBP mutation were evident already by day 17 of the reduced but still sufficient CTL responses. The outembryogenesis (data not shown), supporting the notion come was death due to virus-induced tissue destruction that the defect is not caused by environmental factors in the case of cytopathic VV or changed quality of immubut by an alteration in the developmental potential of a nopathology in the case of the restrictedly replicating stem cell common to these lineages. noncytopathic variant (Arm) of LCMV. For VSV and peDevelopment of hematolymphoid cells from pluriporipheral infections with LCMV-WE, the phenotype of tent stem cells proceeds through a tightly controlled ICSBP Ϫ/Ϫ mice corresponds to IFN type II receptor-defiprocess of differentiation and proliferation of immature cient mice (Huang et al., 1993) ; for systemic infection lineage-committed progenitors into fully mature cells. with LCMV-WE, the phenotype with viral persistence On the molecular level, this control is exercised by netis intermediate between IFN types I and II receptorworks of extracellular and intracellular signaling pathdeficient mice (Mü ller et al., 1994) . Similarly impaired ways, which regulate expression of specific target genes antiviral immunity was seen previously in IRF-2-(for review see Metcalf, 1989; Weissman, 1994) . Redeficient mice, which died within 30 days of intravenous cently, several transcription factors essential for hemainfection with LCMV (Arm), a challenge survived nortopoietic development such as Tal-1, Rbtn-2, GATA-1 mally by IRF-1-deficient and normal mice (Matsuyama and 2, Pu.1, and others were identified by targeted mutaet al., 1993) .
genesis. The exact in vivo role for most of these factors The marked reduction in transcripts for and their target genes, however, remains to be elucidated (for review see Shivdasani and Orkin, 1996) . suggests that ICSBP and its interactions with other ICSBP seems to regulate negatively a critical growth-1994). The notion that IFN regulates proliferation of hematopoietic cells has been substantiated by Hwang et control gene and could thus be a tumor suppressor. This is not surprising in view of the described oncogenic/ al. (1995) , who found elevated levels of myeloid lineage cells in peripheral blood and bone marrow of IFN␣-antioncogenic activity of other IRF genes (Harada et al., 1993) . Furthermore, a monocytic cell line transfected receptor deficient mice. Thus, it is not entirely surprising that the disruption of ICSBP gene connected with an with a dominant negative form of ICSBP exhibited altered growth (Thornton et al., 1996; our unpublished alteration of IFN signaling is manifested by an enhanced cell proliferation. It is conceivable that the absence of data).
Changes in the normal pattern of cytokine signaling ICSBP (and IRF-2) leads to a disequilibrium of IRF and IRF-interacting proteins (STATs, Pu.1) with a consewould be an obvious explanation for the hematopoietic abnormalities seen in ICSBP-deficient mice. For examquent formation of different protein complexes that in turn activate other target genes. Taken together, the ple, it has been shown that overexpression of IL-3, IL-6, or GM-CSF can cause myeloproliferation in mice (Wong data suggest that the balance between proliferative (growth factors) and antiproliferative (IFN) signals is et Hawley et al., 1992; Johnson et al., 1989) . In ICSBP Ϫ/Ϫ mutants, semiquantitative RT-PCR analyses maintained by interactions of STAT and IRF factors. Similar to human CML, ICSBP Ϫ/Ϫ and, with a lower do not reveal substantial (greater than 3-fold) differences in expression of splenic transcripts for IL-1, IL-2, frequency, ICSBP ϩ/Ϫ mice transit from a chronic stage to acute blast crisis characterized by clonal expansion IL-3, IL-4, IL-5, IL-6, IL-10, IL-12(p35), IFN␣1, IFN␤, TNF␣, G-CSF, GM-CSF, or LIF (data not shown).
of leukemic cells. Prolonged cell survival allowing time for additional mutations in other oncogenes is the most However, transcripts for several cytokine receptors, G-CSFR, GM-CSFR, and M-CSFR, were reduced in likely mechanism to explain transition of chronic to acute blastic leukemia (Rabbitts, 1991 (Rabbitts, , 1994 . It would be intergranulocytes of ICSBP Ϫ/Ϫ as compared with wild-type mice (data not shown). The importance of these quantiesting to study whether the same gene alterations as those described in humans are involved also in the tative changes to the alterations in myelopoiesis observed in ICSBP Ϫ/Ϫ mice is not yet known. ICSBP leukemia. The results shown argue for an essential role of ICSBP Nevertheless, the fact that we have not observed any dramatic changes in cytokine expression, except for in the differentiation of hematolymphoid cells. However, the mechanisms leading to leukemic transformation, the IFN␥ and IL-12, does not exclude the possibility that cytokine signaling pathways could be altered in signaling intermediates and target genes that are deregulated in ICSBP-deficient mice, remain to be deter-ICSBP Ϫ/Ϫ mice.
mined. The ICSBP-deficient mice should be a valuable tool to study the signaling pathways that control normal CML-like Disease and malignant proliferation of hematolymphoid cells. The major characteristic features of human CML (first, a chronic period of disease with predominantly granulo- studies that include ras as well as Jak/STAT signaling Electrophoretic Mobility Shift Assay (Serotec), Gr-1, and ER-MP (Pharmingen). As secondary overlays, biotin-conjugated F(ab')2 fragments of immunoaffinity-purified and Immunoblot Analysis Nuclear extracts were prepared according to Antalis and Godbolt sheep anti-rabbit IgG (Sigma), rabbit anti-goat IgG, or goat antirat IgG (Dianova) were employed and subsequently detected with (1991), with a modified lysis buffer that contained 10 mM Tris (pH 7.5), 10 mM NaCl, 15 mM MgCl 2 , 0.05% NP40, and protease inhibistreptavidin-biotinylated peroxidase complexes (DAKO) or "supersensitive" streptavidin-alkaline phosphatase conjugate (Biogenex). tors (Boehringer Manheim). Reactions for electrophoretic mobility shift assay were performed as described (Kanno et al., 1993) , using Peroxidase activity was revealed with H 2O2 and 3,3-diaminobenzidine-tetrahydrochloride (Fluka). 10 g of nuclear extract. The ISRE probe was from the ISG15 gene (Bovolenta et al., 1994) , and the NFB probe was from the Igk gene.
Cell Transfers Immunologic Procedures
Cells from organs of donor mice were suspended, washed, and Samples from tissues were frozen at Ϫ70ЊC in RNAzol for later injected intravenously into tails of 2-6-month-old recipient mice processing in RT-PCR analyses, and single cell suspensions were (C57BL/6 ϫ 129/Ola) F 1 mice. Mice were monitored twice a week prepared from lymphoid organs for tissue culture and FACS analyand were killed for histopathologic studies and collection of tissues ses. Cells were stained with monoclonal antibodies (MAbs) prepared for mRNA and DNA analyses when moribund. in our laboratory or purchased from Pharmingen, labeled with FITC, phycoerythrin, or biotin. The biotin-labeled antibodies were de
